New sum rules for B → π, K and B → ρ, K * form factors are derived from the correlation functions expanded near the light-cone in terms of B-meson distribution amplitudes. The contributions of quark-antiquark and quark-antiquark-gluon components in the B meson are taken into account. Models for the B-meson three-particle distribution amplitudes are suggested, based on QCD sum rules in HQET. Employing the new light-cone sum rules we calculate the form factors at small momentum transfers, including SU (3) f l violation effects. The results agree with the predictions of the conventional light-cone sum rules.
Introduction
which the "infrared" behavior obtained from the HQET sum rules is combined with the large-momentum fall-off. We find that the simple exponential ansatz for the two-particle DA's suggested in [9] and the exponential version of our model for the three-particle DA's form a selfconsistent set, so that the relations between B-meson DA's [16] following from the equations of motion are fulfilled.
Our model, as well as LCSR obtained below, do not include QCD radiative corrections which are beyond the scope of this work. NLO effects have already been taken into account in more elaborated models of φ B + based on HQET sum rules [17] , or on the first two moments [18] . The most important effect in NLO is the "radiative tail" of φ B + (ω) at ω → ∞ caused by the nontrivial renormalization [19] of the effective heavy-light current. Importantly, this peculiar ultraviolet behavior of B-meson DA's plays no role in LCSR at the leading, O(α 0 s ) order, where a sort of an end-point mechanism dominates. The duality threshold in the sum rule cuts off the integration over the spectator momentum ω well below the region where the effect of the tail becomes noticeable. Note that radiative corrections to the LCSR in SCET for the B → π form factor have already been calculated in [8] , and their numerical impact is found at the level of a few percent.
The LCSR obtained in this paper depend on the parameters determining the B-meson DA's. The most important input is λ B , the first inverse moment of φ B + (ω). At the same time, the new sum rules are independent of the DA's of π, K or ρ, K * mesons. The light mesons are now interpolated by the lightquark currents, hence the new sum rules rely on the quark-hadron duality in the channels of these currents. The duality-threshold parameter in each channel is determined from the corresponding two-point QCD (SVZ) sum rule for the light-meson decay constant. Furthermore, the SU (3)-flavour violation effects are calculated in terms of the s-quark mass and the differences in the dualitythreshold parameters for strange and nonstrange mesons.
From the new sum rules we obtain numerical predictions for various B → π, K and B → ρ, K * form factors. Our main observation is the sensitivity of the form factors to the input value of λ B . This circumstance was already used in [7] to extract the interval for λ B using the light-meson LCSR result for the B → π form factor f + Bπ . Here, in order to be independent of the light-meson LCSR, we use the interval of λ B inferred from QCD sum rules in HQET [17] . With this input, we observe a good agreement of the predicted form factors with the most recent results from the light-meson LCSR obtained in [3, 5] .
In what follows, in section 2 we introduce the correlation function and discuss the applicability of the light-cone expansion. The sum rules in the leading order including the contributions of two-and three-particle DA's are derived in section 3. In section 4, the B-meson three-particle DA's are investigated and their form at small momenta of light-quark and gluon is established. The models of threeparticle DA's are suggested and the relations between two-and three-particle DA's following from the equations of motion are investigated. In section 5 we discuss the heavy-mass dependence of the form factors obtained from B-meson LCSR. Section 6 contains the numerical results for the form factors and the concluding discussion. In the Appendix we present the bulky expressions for the sum rules at nonvanishing light-quark mass and nonzero momentum transfer. Table 1 : Combinations of light-quark flavours and Dirac matrices in the correlation function (1) and the corresponding heavy-to-light form factors.
Correlation function
Following [7] , we define a generic correlation function of two quark currents sandwiched between the vacuum and the on-shellB-meson state:
ab (p, q) = i d 4 x e ip·x 0|T {q 2 (x)Γ a q 1 (x),q 1 (0)Γ b b(0)} |B(P B ) ,
whereq 1 Γ b b is one of the heavy-light (electro)weak currents andq 2 Γ a q 1 is the interpolating current for a pseudoscalar or vector meson, with the flavour content determined by the valence quarks q 1,2 . The external momenta of the currents are q and p respectively, and P 2 B = (p + q) 2 = m 2 B . In Table 1 we list the combinations of quark flavours q 1 , q 2 and Dirac-matrices Γ a,b for allB → P, V transitions and their form factors considered in this paper. According to our choice, light pseudoscalar (vector) mesons are interpolated with the axial-vector (longitudinal vector) currents.
First of all, we have to convince ourselves that OPE near the light-cone is applicable for the correlation function (1) if the variables p 2 and q 2 are far below the hadronic thresholds in the channels ofq 2 Γ a q 1 andq 1 Γ b b currents, respectively. The correlation function can be systematically expanded in the limit of large m b in HQET. Separating the static momentum of the B-meson state, we rewrite P B = p + q = m b v + k, where v is the four-velocity of B, and k is the residual momentum. We retain the relativistic normalization of the state: |B(P B ) = |B v , up to 1/m b corrections . Also the b-quark field is substituted by the effective field, using b(x) = e −im b vx h v (x). For simplicity we consider the rest frame v = (1, 0, 0, 0). In first approximation, m B = m b +Λ, hence k 0 ∼Λ in this frame. We also redefine the four-momentum transfer q by separating the "static" part of it: q = m b v +q, so that p +q = k. After the transition to HQET, F (B)
the correlation function in the heavy m b limit,
does not depend on m b , if p 2 andq 2 are generic scales. In this amplitude two light-quark currents (one of them containing the effective field h v ) with virtualities p 2 andq 2 annihilate an effective hadronic state with a mass of O(Λ). From the QCD point of view, the correlation function (3) resembles the γ * (p)γ * (q) → π 0 (p +q) transition amplitude. For the latter a detailed proof of the light-cone dominance can be found, e.g., in [20] . Following the same line of arguments for the amplitudeF (Bv) ab (p,q), we assume that both four-momenta are spacelike, p 2 ,q 2 < 0, and sufficiently large:
where P 2 ≡ −p 2 . Simultaneously, the difference between the virtualities is kept large, so that the ratio
is at least of O(1). With these conditions fulfilled, the integral in (3) is supported in the region of small x 2 ≤ 1/P 2 , where the exponent e ipx does not oscillate strongly.
Returning to the momentum-transfer squared q 2 , one obtains
Thus, q 2 is far from the threshold ∼ m 2 b in the heavy-light channel, if the conditions (4) and (5) are fulfilled. Parametrically, the lower part of the physical region of B → P, V transitions
is accessible to OPE on the light-cone. One encounters a situation similar to the light-meson LCSR which are applicable up to q 2 = m 2 b − m b χ, where χ = O(1GeV) does not scale with m b → ∞. For example, the LCSR with pion DA's [2] can be used up to q 2 ≤ 14−16 GeV 2 . For the B-meson LCSR considered here, the upper limit of the interval (7) could not be that large, because generally P 2 ξ/Λ ≫ χ. An important case is when q 2 is in the vicinity of zero. Solving Eq. (6) for q 2 = 0 one obtains P 2 ξ ∼ m bΛ . With P 2 being large but independent of m b , in this caseq 2 scales with m b → ∞:
The light-cone dominance of the correlation function allows one to contract the q 1 andq 1 fields and use the free-quark propagator S q1 (x) = −i 0|q 1 (x)q 1 (0)|0 as a leading-order approximation. The corresponding diagram is depicted in Fig. 1a . We obtain from Eq. (3) (neglecting for simplicity the light-quark mass m q1 ):
a convolution of a short-distance part with the matrix element of the bilocal operator between the vacuum and B v -state. Expanding the operatorq 2α (x)h vβ (0) at x = 0 one encounters, in the generic case ξ ∼ 1, an infinite series of matrix elements of local operators, as explained in details in [21, 20] for the vacuumpion amplitudes. Instead, one has to retain in Eq. (8) the matrix element of the bilocal operator, expanding it around x 2 = 0. This procedure brings the B-meson DA's into the game. They however do not have a well defined twist, contrary to the light-meson DA's. The definitions of two-and three-particle B-meson DA's at the leading order of x 2 → 0 expansion will be given in the next section.
Derivation of LCSR
The sum rules are obtained following the standard procedure [6] , that is, matching the OPE result for the correlation function to the hadronic representation and employing quark-hadron duality and Borel transformation. Considering, for definiteness, the case when the currentq 2 Γ a q 1 interpolates a pseudoscalar meson P (π or K), we write the correlation function (1) in a form of the hadronic dispersion relation in the channel of the light meson:
where only the P -meson pole term is shown explicitly, and ellipses indicate the contributions of excited and continuum states. The two hadronic matrix elements in Eq. (9) are determined, respectively, by the decay constant of P and by the B → P form factors.
To proceed, the dispersion relation (9) is equated to the HQET correlation function (8) , which will be calculated using light-cone OPE:
After Lorentz-decomposition,
each invariant amplitude is conveniently represented in a form of dispersion relation:
where the lower threshold is given by the sum of the light-quark masses. Furthermore, employing quark-hadron duality approximation we equate the P-meson contribution in Eq. (9) to the part of the dispersion integral (11) limited from above by the effective threshold s P 0 . After Borel transformation, the LCSR for the B → P matrix element can be written down in the following generic form:
where the ellipses denote the rest of the Lorentz-decomposition. The derivation of LCSR in the case of a vector meson V (ρ or K * ) is fully analogous, with V replacing P in Eqs. (9), (12) . For each combination of currents listed in Table 1 , using the definitions of the hadronic matrix elements given below and decomposing the l.h.s of Eq. (12) in invariant amplitudes it is straightforward to obtain a separate sum rule for a given form factor.
The following standard definitions are used for the decay constants of pseudoscalar and vector mesons:
for B → P form factors:
and for B → V form factors:
In the above, κ = √ 2 (κ = 1) for π 0 and ρ 0 (for other mesons). In what follows, we derive new LCSR for the B → P, V form factors listed in Table 1 . For definiteness, we assume the following flavour configurations: and T BV 2,3 , will be presented elsewhere. Importantly, in all channels considered in this paper, the threshold parameters s P,V 0 can be obtained from the two-point sum rules for the decay constants f P,V .
Let us now calculate the r.h.s. of the sum rule (12) . As explained in the previous section, the leading-order contribution to the OPE is given by the diagram in Fig. 1a . The answer is obtained, by decomposing the matrix element in Eq. (8) at x 2 = 0:
in terms of the B-meson two-particle DA's φ B + (ω) and φ B − (ω) defined [9, 12] in the momentum space. In the above, [x, 0] is the path-ordered gauge factor. The variable ω > 0 is the plus component of the spectator-quark momentum in the B meson. Substituting Eq. (17) in Eq. (8) and integrating over x, one obtains the invariant amplitudes F (B),OP E (p 2 , q 2 ) which have a simple generic expression at q 2 = 0:
where the functions φ n (ω) are combined from the B-meson DA's. If one continues the x 2 -expansion of the matrix element (17) beyond the leading order, the resulting contributions to F (B),OP E will be suppressed by additional powers of the denominator (i.e., by inverse powers of M 2 after Borel transformation). We neglect them, having assumed that
is a large scale. Furthermore, B-meson DA's are essentially concentrated around ω ∼Λ, wherē Λ = m B − m b , with the kinematical limit ω < 2Λ. Hence, the denominator in Eq. (18) implicitly contains another large scale m BΛ . The heavy-mass scale which reappears in the HQET correlation function, has a kinematical origin: at q 2 = 0 the external momenta p and q are both O(m b /2), or in other words, as already mentioned in the previous section, the rescaled virtualityq 2 = O(m bΛ ). Finally, to obtain the r.h.s. of Eq. (12), one transforms the integral in Eq. (18) into a dispersion form, changing the variable ω to s = ωm B , performing the Borel transformation in the variable p 2 and replacing the upper limit by the duality threshold s
. Importantly, due to the fact that s
the regions of small momenta of spectator quark ω < s
/m B , far from the kinematical threshold ω ∼Λ are important in the LCSR. As already mentioned in [7] , this situation corresponds to the end-point mechanism which is realized in heavy-to-light exclusive transitions in the absence of hard-gluon exchanges.
Following the derivation described above, we obtain the leading-order LCSR for the B → π, ρ form factors at zero momentum transfer (q 2 = 0), where the u, d-quark masses are neglected, and the pion mass is put to zero:
where a compact notation:
is introduced. The Borel parameter M in the light-meson channels has typical values around 1 GeV, still M ≫ Λ QCD . The first sum rule (19) has already been derived in [7] (see also [8] ), whereas all other sum rules are new. The LCSR at q 2 = 0 and m q1 = 0 have bulky expressions presented in the Appendix.
Substituting m q1 = m s and replacing s
, one obtains LCSR for the B → K, K * form factors. In this paper we neglect O(α s ) radiative corrections due to the hard-gluon exchanges between the quark-antiquark lines (one of the diagrams is shown in Fig. 1c ). Their calculation is inseparable from the nontrivial renormalization of B-meson DA's, which is so far known only for φ B + (ω) [19] (for a detailed discussion see also [17, 11] ). As far as the normalization scale of φ
is concerned, we assume that µ ≃ M , having in mind that the Borel scale reflects the average virtuality in the correlator. In addition we calculate the corrections due to the three-particle (quarkantiquark-gluon) DA's of the B meson. They correspond to the diagram in Fig. 1b , where a low virtuality gluon is emitted from the virtual quark and absorbed in the B meson. The contribution of this diagram to the correlation function (1) is obtained by contracting the q 1 (x) andq 1 (0) fields and inserting the one-gluon part of the quark propagator near the light-cone [22] :
where
µν (λ a /2). As a result, an expression similar to Eq. (8) emerges with the vacuum-to-B matrix element containing a nonlocal product of quark, antiquark and gluon fields. In x 2 = 0 limit we adopt the following decomposition of this matrix element into four independent three-particle DA's:
where the path-ordered gauge factors on l.h.s. are omitted for brevity. Multiplying both parts of this expression by x ρ one encounters the definition introduced in [16] . The DA's Ψ V ,Ψ A , X A and Y A depend on the two variables ω > 0 and ξ > 0 being, respectively, the plus components of the light-quark and gluon momenta in the B meson.
Our analysis in this paper is restricted to the four three-particle DA's defined in Eq. (28), and to the two-particle DA's defined in Eq. (17) . One can further expand both matrix elements near the light-cone in powers of x 2 introducing additional DA's 1 . As argued above, their contributions to the correlation function will be power-suppressed, at least by inverse powers of M 2 . The resulting expressions for the three-particle contributions to LCSR at q 2 = 0 are presented in the Appendix. At q 2 = 0 these expressions (which we do not display for brevity) have to be added to the leading-order sum rules (19)- (25) . The new LCSR are sensitive to the normalization constants and to the behavior of the B-meson two-particle (three-particle) DA's at small ω (ω, ξ), hence, also to the inverse moment λ B . For the two-particle DA's the behavior at ω → 0 is known, and we have at our disposal models for φ B ± (ω) [9, 17, 18] . The remaining task is to establish the behavior of the three-particle DA's at small ω, ξ , and to build a model for them.
4 Three-particle DA's from sum rules in HQET As already mentioned, QCD sum rules in HQET were employed in [9, 17] to predict the B-meson two-particle DA's φ B ± (ω). The idea was to introduce a correlation function with twoqΓh v currents, one of them local and the other one containing the h v andq fields at a light-like separation. The ground B v -state contribution to the hadronic dispersion relation for this correlation function contains the product of the B-meson decay constant and the nonlocal heavy-to-light matrix element (17) . An appropriate choice of the Dirac-structure Γ allows one to separate φ Here we use a similar method and derive HQET sum rules for the B meson three-particle DA's in the perturbative loop approximation. The starting object is the correlation function
where the local current containing the effective heavy-quark, light-antiquark and gluon fields is correlated with a generic nonlocal current, with all three fields on the light-cone. We define the light-like unit vectors n µ andn µ (n 2 =n 2 = 0, n ·n = 2) so that v µ = (n µ +n µ )/2; t is an arbitrary real number, determining the location on the light-cone (that is, tn corresponds to the light-like interval x in Eq. (28)) and ρ is the "off-shell energy", the HQET analog of virtuality. The gauge factors between the fields in Eq. (29) are omitted for brevity, in fact they are inessential for the perturbative loop approximation. The local current in (29) is chosen in a convenient scalar form, note that other choices are also possible.
The correlation function (29) , after inserting the complete set of hadronic states, has a pole of the B v state at ρ =Λ whereΛ = m B − m b , schematically:
where C λ is proportional to the hadronic matrix element of the local current in Eq. (29) and to other normalization constants; since we are only interested in the functional dependence on ω and ξ, this factor does not need to be specified.
(or their linear combination), depending on the choice of the Dirac-structure in the nonlocal current in Eq. (29) . More specifically, the following correspondence is established:
To proceed, we calculate the spectral density of the leading-order perturbative contribution to the correlation function (29) , given by the loop diagram in Fig. 2 . All three intermediate lines in this diagram have to be put on-shell, which simplifies the calculation. Substituting free propagators for the effective heavy-quark, light-quark and gluon fields, we use Cutkosky rules and obtain a dispersion relation for the Fig. 2 diagram contribution to the correlation function
where l and k are the four-momenta of the light-quark and gluon lines, respectively, andc is the constant factor (containing also α s ). The integration is conveniently carried out if one expands these momenta in light-cone components using the basis of the light-like vectors n andn introduced above:
The delta-functions in Eq. (32) are integrated out, taking into account the kinematical bounds represented by Θ-functions. At the end two integrations are left, with the variables ω = (l · n) and ξ = (k · n), that is, the plus components of the quark and gluon loop momenta, respectively. Matching the result of this calculation to the hadronic dispersion relation with the pole-term (30) and employing quark-hadron duality for the excited and continuum states with an effective thresholds 0 , we perform the Borel transformation. Comparing the dependence on the variables ω and ξ on both sides, the following sum rules for three-particles DA's are obtained, in the perturbative loop approximation:
with an equal coefficient r emerging from the constant factors C λ andc in Eqs. (30) and (32), respectively. Importantly, in the loop approximation, Ψ V (ω, ξ) and Ψ A (ω, ξ) are equal, while X A and Y A have different forms. If one takes the local limit t → 0 of the correlation function (29), the resulting two-point sum rules for the normalization constants of the DA's yield,
where the constants λ E and λ H are determined by the matrix elements of different local operators [9] . The functions X and Y are normalized to zero, but can also have different normalization coefficients. The differences for all four DA's manifest themselves if in the sum rules (34)-(36) one takes into account the condensate contributions (indicated by ellipses), suppressed by the inverse powers of the Borel scale τ . In fact, in the correlation functions with nonlocal currents the usual approximation of local quark and gluon condensates is too crude and models of nonlocal condensates are usually employed [9, 17] . We have investigated only the local limit of the correlation function (29) and the resulting sum rules for λ E and λ H . The condensate contributions have indeed different sizes in these sum rules, but their influence on the normalization constants is moderate, as compared with the loop contribution. The details of this analysis will be presented elsewhere. Note that the sum rules for λ E , λ H derived in [9] are based on a different, "nondiagonal" correlator with one three-particle and one two-particle current. These sum rules predict
not very far from each other, indicating that the approximation λ E = λ H which follows from (34) can be adopted within the uncertainty intervals in Eq. (38).
The most important prediction of the sum rules (34)-(36), is the behavior at ω, ξ → 0 given by the perturbative loop contribution:
In our previous paper [7] , we followed a different, more qualitative way, making a comparison between the pion and B-meson three-particle DA's in the asymptotic regime and obtained
which turns out to be a small correction, neglected here. This correction does not contradict the behavior indicated in Eq. (39) but cannot be simply extracted from the sum rules (34) without going beyond the loop approximation.
We suggest two models for the three-particle DA's. The first one is obtained from the sum rules (34)-(36) in the local duality (LD) τ → ∞ limit:
The uniform constant factor in the above expressions is fixed by the normalization conditions (37), and we assume that λ E = λ H . Note that X A (ω, ξ) and Y A (ω, ξ) in Eqs. (35), (36) are normalized to zero, as they should be. It is natural to combine the above three-particle DA's with φ B ± (ω) obtained in the same local-duality limit from the HQET sum rule for a correlator of the nonlocal and local quark-antiquark currents:
where φ
B,LD +
has already been derived in [17] . For the second model of the three-particle DA's we combine the small ω, ξ behavior (39) with an exponential fall-off:
The analogous ansatz for the two-particle DA's was suggested in [9] :
so that λ B = ω 0 . After the models are formulated, it is important to check if they obey the constraints derived in [16] (see also [12] ) from the QCD equations of motion (adapted to HQET) in the form of two equations for the two-particle DA's:
where I(ω) and J(ω) are the 'source' terms due to the three-particle DA's:
We immediately notice that I(ω) = 0 in both models (41) and (43). In other words, the relation [12] 
does not receive gluon corrections in the approximation adopted here. Importantly, within this approximation also J(0) = 0, hence the behavior φ B + (ω) ∼ ω at ω → 0 is not modified, contrary to a general expectation [16] .
In addition, due to the relations between the matrix elements of local operators the moments of DA's have to fulfil [9] the following equations:
where ω n ± ≡ ∞ 0 dωφ ± (ω)ω n . For the DA's of the local-duality model (42) and (41), only the first equation in (45) is valid. Hence, the 2-particle DA's acquire corrections determined by the three-particle DA's:
Instead of substituting Eq. (49) into Eqs. (45) and solving the system of two equations for the functions δφ B,LD ± (ω), it is easier to use the ansatz obtained in [16] :
where φ B,W W + (ω) are the solutions of Eqs. (45) without the 'source' terms I(ω) and J(ω) (in Wandzura-Wilsczek (WW) approximation):
and Φ(ω) has a complicated expression via I(ω) and J(ω) which can be found in [16] . We have calculated J(ω) for the local-duality model (41) 
In this case, if the conditions [9] :
are satisfied, both equations in (45) can be solved, and the solution for the two-particle DA's has the exponential form (44). Under the same conditions, the relations (48) between the moments are also fulfilled, as already noticed in [9] . Hence, the three-particle DA's described by the exponential model (43) do not induce additional corrections to the ansatz (44). We conclude that the combination of Eqs. (44) and (43), together with the conditions (53) form a selfconsistent model of two-and three-particle B meson DA's. Comparing the exponential model with the local-duality one introduced above, we find that numerically, in the region of integration in LCSR , ω < s
/m B , the two models for φ B ± are almost indistinguishable (if λ E = λ H and λ B are the same), as can be seen from Fig. 3 . For that reason, in the numerical analysis of LCSR, we only consider the exponential model. In the region of small ω the exponential ansatz (44) for φ B + (ω) is numerically close to the more elaborated model suggested in [17] :
provided ω 0 = λ B . In the above, ω is in GeV units and the parameters λ B and σ B are determined from HQET sum rules including the QCD radiative and nonperturbative corrections. Also the model for φ B + (ω) suggested in [18] at small ω contains the same exponential component as in Eq. (44).
5
Heavy-mass limit of LCSR
In this section we discuss the power counting in the B-meson LCSR, in particular, the dependence on the heavy-mass scale m B ∼ m b at q 2 = 0 (at large energies of the final P , V mesons).
Let us remind that the concept of B-meson DA's in its present form is only valid in the framework of HQET. In deriving the sum rules, we actually started from the formal 1/m b expansion (2) of the correlation function (1) and further used the HQET correlation function (3) expanding it in B-meson DA's. Hence, beyond the adopted approximation, there remain some unaccounted 1/m b corrections which contribute to the "systematical" uncertainty of our method. These corrections can be studied by expanding both the heavy-light current and the B-meson state in Eq. (1) beyond the leading-order in HQET.
As explained in Sect. 2,3, the relevant scale in the light-cone OPE for the HQET correlation function is the virtuality P 2 in the light-meson channel, or the corresponding Borel parameter M 2 . This scale is chosen to be large with respect to Λ QCD but is independent of m b . In LCSR for the pion form factors [21, 24, 25 ] the higher-twist components of pion DA's, including the 3-particle (quarkantiquark-gluon) DA's, yield contributions that are normally suppressed by the inverse Borel scale. The absence of a well-defined twist in B meson DA's makes the situation for the LCSR obtained here quite different. The contributions of the three-particle DA's do not reveal a general 1/M 2 suppression. Note however, that only the leading-order terms of the x 2 -expansion for both quark-antiquark and quark-antiquark-gluon matrix elements (17) and (28) (18)). In the sum rules (19)- (25) Expanding at m b → ∞ the LCSR (19)- (25), and adding the three-particle contributions given in the Appendix, one easily recovers the well-known relations [26] valid in the limit of the large light-meson energy (E P,V ∼ m b /2):
For the first two universal form factors the following expressions in terms of B-meson DA's are obtained:
where the B-meson decay constant is rescaled in a standard way: f B =f B / √ m b . In the above, we neglected the light-quark masses m 1,2 but left m P = 0 for generality. In deriving Eq. (57) we have also taken into account that the integral contributing to r.h.s., b -behavior predicted from LCSR with the pion DA's [27] .
Our main observation is that the universal B → P form factor ζ does not receive contributions from the three-particle B meson DA's, while for the B → V form factors the three-particle Fock components in the B-meson contribute at the leading power O(1/m 3/2 b ) with a universal term. This result agrees with the expectations of SCET discussed in [28] .
Numerical results
To perform the numerical analysis of the new LCSR, we use the exponential model (43), (44) of B-meson DA's and adopt the interval [17] :
for the inverse moment of φ B + . The parameters λ 2 E = λ 2 H are determined from Eq. (53), somewhat larger than in Eq. (38). In addition, having in mind the uncertainty of the model, we allow the parameters λ E = λ H to vary within ±50% at fixed λ B , so that the constraints following from equations of motion remain valid. The B-meson decay constant f B = 180 ± 30 MeV obtained from the two-point sum rule in O(α s ) is used, similar to [2] . This is consistent with the O(α s ) accuracy of λ B . This matching of precisions is however not yet complete, in the absence of the O(α s ) corrections to LCSR.
The interval of Borel parameter adopted here, M 2 = 1.0 ± 0.5 GeV 2 , is optimal for the two-point sum rules in the light-meson channels [6, 20] , as well as for LCSR for the pion form factors [21, 24, 25] . Hence, the normalization scale of λ B is consistent with the average virtuality in the correlation function. The Meson Decay constant [29] Threshold parameter Table 2 : Decay constants of light mesons and the threshold parameters extracted from the corresponding 2-point QCD sum rules.
input for various light-meson channels is listed in Table 2 . As already mentioned, the duality-threshold parameter in each channel is fixed by adjusting the twopoint sum rule (taken with O(α s ) accuracy) to the experimentally measured decay constant. Note that the same values of s π 0 and s ρ 0 were used in LCSR for the pion electromagnetic [21, 24] and ρπγ, πγγ * [25] form factors, respectively. For the channels with strange mesons we adopt m s (1GeV) = 130 ± 10 MeV which agrees, e.g., with the recent QCD sum rule estimates [32] .
To demonstrate the stability of the LCSR predictions with respect to the Borel parameter variation, as well as the role of three-particle corrections we plot the numerical results for the two representative form factors f + Bπ (0) and V Bρ (0) in Fig. 4 . The contribution of the three-particle DA's to the sum rule for V Bρ is substantially larger than the analogous contribution to the sum rule for f + Bπ ; this observation is consistent with different 1/m b behavior of the three-particle corrections, as discussed in the previous section. Furthermore, to illustrate the sensitivity of B-meson LCSR to the value of the inverse moment λ B , we plot in The form factors at zero momentum transfer calculated with the input specified above are collected in second column of Table 3 . To estimate the theoretical uncertainties, one usually adds linearly or in quadrature the uncertainties originating from separate variations of the input parameters. The intervals presented in Table 3 are obtained with a different procedure. The central value for each form factor is fitted to the set of LCSR predictions obtained by simultaneosly scanning all input parameters (λ B , λ terval of λ B , hence they are larger for B → V form factors than for the B → P form factors, because the former (latter) mainly depend on φ
In Table 3 the predictions of the B-meson LCSR are compared with the form factors obtained [3, 5] from the conventional light-meson LCSR. One has to keep in mind that the latter sum rules are more precise, because they include NLO corrections and are based on the well-developed twist expansion. Hence, the observed agreement between the predictions of two different methods is encouraging, possibly indicating that the unaccounted O(α s ) and power corrections to the new B-meson LCSR are not large.
The B → π, ρ form factors at q 2 < 10 GeV 2 plotted in Figs. 6, 7 for the central values of all parameters, are also in the ballpark of the results of the light-meson LCSR [3, 5] . Note that to obtain the scalar form factor f 0 Bπ (q 2 ) we have simply combined our predictions for f Table 3 : The B → π, K and B → ρ, K * form factors calculated in this work, compared with the predictions of the light-meson LCSR obtained in [3] (the kaon Gegenbauer moment a K 1 = 0.05 is taken) and [5] , respectively. Furthermore, to illustrate the SU(3)-flavour violation effects predicted from the B-meson LCSR, we have calculated the ratios:
Importantly, these ratios are much less dependent on the B-meson parameters, than the individual form factors. Our predictions are in agreement with the results obtained from the LCSR using DA's of strange and nonstrange light mesons; e.g., Eq. (59) can be compared with f independent of the SU(3)-flavour violating Gegenbauer moments of the kaon and K * . In addition, returning to the B → π transition we predict the combination
which determines the coefficient of the hard-scattering contribution to the B → ππ amplitude in the QCD factorization approach (for a recent analysis, see e.g., [34] ). Note, that within our method this ratio is practically independent of λ B and f B and is to a large extent determined by the parameters of the pion channel. Summarizing, in this paper we have obtained a set of new QCD sum rules relating various B → P, V transition form factors to the universal light-cone DA's of B-meson. The contributions of the three-particle DA's to the new LCSR have been calculated. In addition, we studied the B-meson three-particle DA's, employing QCD sum rules in HQET, and have obtained a realistic exponential model of these DA's.
The correlation functions with an on-shell B meson and a light-quark current allow many other applications to the heavy-light transitions, by simply changing the quantum numbers of the light-quark current. One does not need to install different light-meson DA's, and the two-point sum rules in the light- 
Figure 7: The same as in Fig. 6 , but for the B → ρ form factors; the light-meson LCSR results are from [5] .
meson channels provide necessary information on the duality thresholds. With the interval of the inverse moment λ B from the QCD sum rules in HQET [9, 17] , the numerical results obtained in this paper, including the SU(3)-flavour violating ratios, provide a nontrivial check of the new method with respect to the light-meson LCSR.
The new B-meson LCSR deserve further development. In this paper only the leading, zeroth order in α s of the light-cone OPE has been taken into account. To complete the LCSR calculation at the NLO level, one has to calculate the QCD radiative corrections to the correlation function, involving the renormalization effects. In addition, further light-cone expansion of the two-and three-particle heavy-light matrix elements is desirable, in order to clarify the role of yet unaccounted B-meson DA's in generating 1/m b and/or 1/M 2 corrections to the sum rules. To obtain the necessary elements of these DA's, one can use the technique of HQET sum rules.
• B → P form factors of the vector transition current
• B → P form factor of the tensor current 
and the integrals over the three-particle DA's multiplying the inverse powers of the Borel parameter 1/M 2(n−1) with n = 1, 2, 3 are defined as: 
